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Phase I"-,  is published for the information öf all öönöerned* ,A 
-' -                n 

BY CÖMMMD QF BRIGADIER GE&ERAL YATES' —              p^ 

• a 
LEflS h. MUNDELL         ' Tj 

-   - -  Goi* - *Ü=AF !                                 % 
OFFICIAL:      /                                                  ,„ Chief of Staff 3 

^                            -     -                         - •   ,1 
IT* A-; T^EST -..-._ .   -—      - »a 
IflJ,  Col.«  USXF • 3 
Adjutant General .   |g| 

•j 
iDISTRlBUflOH^            . .. 1                                     ;j 

Cm) la* AWS 3 
t2@> 308th ReOon. Gp. ^ 
(3)    Sack Wuc Wing and Independent- Group Eq;i.                                                                                      y 
(5)  Hg., MG, Attn-,    MGMWS •             '             "    3 
(,Io) Hq,  Cambridge Field Station,, Atth-; GRD                                                                                    N 
\$)  Hq, ÜSAF/, Attns AFMRS-4 -._--.-- -"» 
(lb)lJ.Si Weather-Bureau _           ,                       g| 
(10) TJ.S« Navy Dept,  CN0>. Aerology Section- -          • 

:"-STOCK"MAMA,     ' ". ..•",. 
3 

ütf 

i 
,4 

3 

« sm»-»_ tKMnflata^«nb JQrt Kft «•,.. *r?T «fE^^-v iS ~"^T-'"?.TS'?*~W- 7S^^UB!!-«B«ll»'S,iS.eT!,tar-T»*....--,1 

*3 
Li 

'i 

If 

Li ..?*_•>»tf i&mitsffi^s 



&£*^^i&i^•ä£A>j&******r^"!*>-'~ -• 
^rjij»'.«. »iiV-irr«'^«^. 

Jj 
4 
s 

?.refap)3 

In. 1946 the TJi  S. Weather .Bureau recommended to the Deputy Chief Of Staff' 
for Research and Development,,  1EJSAF.,, that measurements of solar and reflected, 
radiation be. made by Air Poröe'weither reöonnais?.anQe aircraft in order to pro- 
vide, dä-fea for research on the basic- problem of the heat budget of the atme'sphere * 
The Air Weathor SerVioe was directed by Bq, rCJSAP?  to'ma&V such measurments if 
feasible.,, 

The 308th Repprihaisgance Group (Weather); was assigned -^he f'ifst '"ph"£'s~e cf 
the problem - .namely, to determine the feasibility of making airborne r~adi%tieii 
observations adequate for Computing albedos and to develop the technique for 
them,.   As the project», designated "Albedo''  for" convenience* was not given high? 
est priority the ^ork has prppeeded slowly. 

The following report 'by the< ffojest Off-iasr covers the successful comr 
pletion of the above stated objectives- and marks, the' closing of the first phase 
of the. Project.    Consideration is being, given by interested rese.ar.ph agencies: 
to an. extended program of aibedo. studies•*    This report will aoqualnt these agen- 
cies and "the Air -Weather Service operating units concerned with what has ^een 
accomplished and what, can be done«.          

The cooperation öf rche Chief, 'u\ S, Weather Bureau* and the ciöntihue& &** 
terest and assistance of; Mr,_ .S.«. Fritz and Mr, T,;H;«, McDonald of the Burea'U ,ä:?e 
gratefully acknowledgedi „ -• ._.-._   . "-•„ . _,. 

The Eppley Laboratories^, of Newjpprt,. R. I., contributed' materially to -fehe 
successful completion of the Project by Joan of specially improved pyrhelio- 
meters for airborne use..    As a result of this  collaboration a proven instrument 
ig commercially available for any interested,agency. 
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REPORT ON PROSECT A-LBEBO-, PHASE I 

fh order to make any kind' of computations- concerning what happens to 
the radiant ener.gy reoeived by the earth from the.' sun,, aciu^e-tp measure«.* 
laents mus$. he made of 'the amount of this energy which is, reflected from- the 
•various types of surfaoee ön which it falls.    The'reflectivity (albedo.) of land 
and: water surf a'Sea is fairly well known, having been me.asur.9d a. number-öX times' 
with some accuracy.    Since at any OüQ tinie a fairly large portion of the earths^ 
surface is. covered with crlöüds and haze, it is necessary to knowi wfth; the same 
degree of accuracy, the amount of radiant energy which is: re'f lected and absorb- 
ed by clouds and haze layers..    Up to the present time ftp systematic extensive 
measurments of this quantity have been made.»    Present- computations' have been 
based largely on widely scattered- äbse'rvatipns. made about thirty years ago- and 
oh assumptions based on titese records.    Thus the Project was* concerned with 
checking "previous: ffie4su*Viements of the. aih&.dc öf -all. types of terrain, ep.ean sur- 
fa oe and various; cloud types.    The loss of radiation äs ä result of pläasage/1& 
rough cloud layers was also investigated.»    It- was al!so. necessary tö examj,nf, anaT 
decide upon suitable means of instrumentation and öperatiohöl prooedufss' to xm- 
tain the above measurements in an aoC'ttrate manner» 

ABSTRAklT   , 

Wm  project was initiated during tevfüafffl9iT?    During, the first year 
equipment was seieoted* procured-, tested and; iastaliäd in modified aircraft* 
An operational SGF was prepared.    . -  - 

During the summer and fall--of 1S48 and. later during, the period 10 April - 
28 April 1949, a £utaber of successful missions w,r^lpwn. from whiäh albedo values» 
wefre obtained. They included a joint mission with a plane from Tnypkprn, sev- 
eral orog/s-ööuntrjr flights. Over the united States in order tc fly over all types 
of terrain, two missions over watery two plane missions, to^mp.asur-e the absorption 
of clouds, four single-plane missions in conjunction: with Weather Bureau solar» 
radiation stations to measure the joss in radiation respiting from passage: through 
a cloud layer, one mission to measure the absorption of a clear-sky and: one mis.-?. : 
sion over the cloud system arp.uhd a well develppM" low* 

A new-type pyrheiiometer designed to endure afcpraft vibrations was- tested 
for approximately 1-50 hours while mounted on an. RB--29 airoraft. The B:fo\vn He-; 
corder functioned properly during all flights,, A pyrhel'iometer mount satisfac- 
tory for research purposes was designed and manufactured .locally». Work On., a 
new mount satisfactory for routine installation on maayr^connaissance aircraft 
and not requiring ah operator* was in prögseä-s but abandoned wien^-ifid^.catiens 
were- -received" that such a mpuat would not be necessary., - 

All raw äivtjx from flights is presently on !©an to the tJ. S. V7eather Bureau 
for reduction and evaluation. It will be returned to Föi-rfield In reduced form, 
giving actual albedo values B. 
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in ä letter from AWSV subject; "Requirenients and Operating. Procedure 
for Pro^eot Albedo" .. dated 2$ Jüä'y 1948= £t was- r&q.uestsdifeöt until further 
öötlc.e the following operations, wdtfch their ä-Soign^ji priorities be oarriod out: 

Memorandum; Oh Tj^esi sQ-f MeteP.röip/gip&'l Änd. Terrain .Conditions 
To Be Covered ;By Airborne- Radi&tip.a ÄfäsureriiQnts- ,, 

U 

J3.0NSITI0N 

. Rad-iatiph Reflected by (Albedo^s~i 

%i.    Terrain 
.a.»    'Mountainous 

(1).   Forest 
(a)    Neja-vsnow covered 
(b.)    Snot Covered 

(-2)    Non«Po rested * 
(a)    -Non? snow Sbvered 

,    (b)    Snow Covered 
 b«    Üfon»-Mountaihoia2 

(l)   .Forest 
ta )    !fozb*sn pw M&ve&og, 

Between 
:Cat*gc iös;> 

5 

.  Show ppv&red 
-----      •£#   «««»Forested:..._ 

(a),    Nönfef/iiöv? opvered 
1-   Pasert 
2^   Cultivated Ground 

(b)    Snow Covered 
1.   ,I)es,srt 
If   Cultivated Ground. 
¥'   Change in show albedo osrer a 

series of days 
Z,,<    Ocean 

at* Smooth 
(1) Clear Sky 
(2) Cloudy Sky 

b. Rough 
(l) vtear Sky  , 
(?) Cloudy Sky 

3. Clouds 
a* Stratus-Fög 
b* Cvonulus 
c. Stratöoumuius 
d«, Altoxjutaulus 
e, Altostratus and UTimbostratus 

g. Cumulonimbu 

. Radiation, Absorbed by; 
1« Atmosphere 
2c Cloud 
3. Ground 

3 
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IxjL addition the. following development and testing was ass&gaed' by 4'th 
Ind.* df.ted 1 Sov 194& to basic .letter frcia 'Höadqxiarters1 Air 'Weather Service, 
sublet-:    ''Procedure, for Computing, albedos f;j'Om %rhe.lriömster MeasWcmeh:bs% 
dated 27 Septeiribef |l348s 

a, Testing of the new- model %>pley pyrheii6meter.s in oen;ju&>3tion 
w4$.h the .manufacturer.    ^ . ,_. ..  

b. Sevelppjaent of a standard möimting and aircraft modification for 
pyriraliöiäaters.      . . 

p.    Resting of the recorders for Use with pyrheMometerÄv 

•d*    Isvelopment of an observing and eie&entary re-duoing. .^ooMuro 
with forms for reporting pyrheiiometer öbse.#Yas;ibns£ such that using reseuröh 
agencies may oömglete the reductions and analyze the data without further re- 
course to the observing, .agency.. 

. ' .nDBDAm-TAIiTS r    — 

|»    Instruments \ 

a«    Pyrheliöiäeter ?•, - The -instrument used for measurements of so lar 
radiation for the purposes, of t;his project was the Eppley T-hermoaleq-tric Pyr-- 
heliometer.    "his instrument (see   Mfgr'% cijic^lilr^orifltsts of tiro concentric 
rings of equal area* $&Q blackened and the other white ocate,tL    The hot junc- 
tions of a multiple couple thermopile of goldVpalläqxüm. and plätihm-rhö.ä"i\mi^ 
alloys are attached to the lower sida of the tjläok ring,    The manufacturer 
supplies models with various numbers of juhqtions:,  apoordihg tö the sGusiti- 
vity required»    For solar radiation 10 june-tiens. are usually provided.j. for 
measuring the weak refleotod radiation from the ground and clouds 50-,iunotion 
models were sometimes used.    The differential in temperature between the two 
rings when radiation falls upon them creates an electromotive force that is: 
nearly proportional to the amount of radiation received-   $ho rings are mounted 
horizontally in the center of a thin spherical g'jiss bulb whioh is sealed with 
dry air within to prevent moisture .from condensing  . 

%i-s- instrument is- sensitive to solar and. sky radiation withwave lengths 
between Q.292 and 2.5./* The lower value is the out off by the a&ösphefe and' 
the higher value is the out off by the glass cover of 

from the 
•TU«' -Q 

b.    Recorder. -    he instri^ment which integrates the elebtremotive force 
he pyrheliometer was the BroWn "Slectronik"strip Chart Potentiometer., 
iece of equipment  [~. *    ..      "..'=. employs ä conventional, null^bal- 

ircult, but differs basically from the conventional potont- 
xomster m 2.«s us^ai'toing up6i~ayxoi!|.s»    jLngwsau- ox the .usua*. gux'vahömeter anu 
its associated meohanisms.j the Brown "Continuous Balance" unit is laied,  an eloc^., 
troiEio"  detector which intakes possible full advantage of thermocouple responsive- 
ness.,  unprecedented seu.si^ivätyi  ruggadness and simplicity*    It requires". 11QV 60 
cycle AC circuit for operation?    A rotary-type inverter ohanges the regular %Q. 
power of the plane to this required power« 
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. o.    For? Measuring >S.u*face Albedo; 

(l)'    ferrairi (ifi. general) : 

(a)  *his requires aiore. or less orÄfl^-ööiaa^ry flights.    It is. 
suggested f or example that a flight from FäärfSeM to Washington- via the Mo-. 
jaye Desert region would serve wd-31 to determine höw changes in terrain and 
vegetation conditions affe'ot albedo.    Long flights fttfcoss the, ceipit-^ in other 
directions are desirable.. 

(b) Fly level as^olose to the surface as is safoly possible» 

(o)Makö frequent notes on the color and nature  (water*  forest;»-. 
s«nd>  etc.)  of tne terrain below^ timing each broad change. 

- ( 2 >    Snow Covered Terrain-: 

f- 

fwo pyrheliometers are .mounted on each aircraft.. Both were connected 
to the fee.o^dar> The electromotive f<?>ro.e being generated by each was, re- 
corded aiternaiteiy approximately every fifteen ieconds on a continuously 
moving, chart* A smell numeral "1;" or ""?" appears beside each reoorder inäf'k 
for. the purpose of - izigent-i=fi<iatioh.. ^he scale panel is divided into, div- 
isions numbered from 0 - 100. A. füll, scale deflection i£ ^ajuiyaient to 5 
m-iilivoltj?^ 

c-, Mount. - It was neoessary that a. suitable, means. b# f9und to mount 
the: pyrheiiometer in the. a-isofäft* At present the mount: consists, of a plate 
to which the pyrheiiometer is attached, Three leveling screws attaohed to the 
plate provide a means Of leveling the filament Of fhe pyr'hiiiömeter., jEhO mount- 
is constructed in such a manner that the bulbs may be removed o_r exchanged ixL 
•PMs?h+.. 

'  2.    Operating Procedures 

cu    On the. Ground! - 

(l)    See that the recorder is eperatinj* satisfactorily when con- 
nected to the pyrheiiometers. 

(-2)    Short out the tap pyrheiiometer and obsrerve the position of 
the reoörder mark with reference to the zero line of the. chart. 

b.    Srnncd-iatoly After Take Off.-- After take off and when the plane has 
reached a convenient altitude,,  a3k the pilot to fly äs level Jks ra'M-ü/Nk« Qöa  
level the pyrheliometfera,    - 

Sv 
(l) Some flights should be made about 1000 ft.v, above a flat 

Jurfaoe-covered by a fresh snowfall*  5here,-should not 
be any vegetation penetrating through, the snow if possible. . 
With no new snowball meanwhile» fly a second mission abo'ut 
two days later in order to measure the change of the albedo 
with, time on the same track and- snow layers It would Ihe 
desirable to continue these flights every two days as long- 
as the particular snowfallqover lasts„ 

S0 

ItX&U'TlftssaiiiB!?-' 
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(•?'}• Ocean Albedo*» The ö.äo.aiü• £Llgh.tjS should be made en. ö^ear 
däy4>. pre.fer-abjyi.öne flight if possible when' the. öcesh eUEfooe |S fough.- 
another" when smooth, (oalm aiT-M «WVP lööO f-ts ebes.-» the :Sea surface, with 
contiguous measurements (esöegt; when maneuvering* turoittg> climbing ör de* 
Söerid-ing:) from solar noon to near .sunset, to. be made by repenjfd flights back, 
and forth between two points not less.ihfei Z5 minutes fly-is^ time äpaft, over 
deep water,. It is important during over-water measurements to frequently 
observe, the intensity and type of  roughness, of the wate»*, to estimate the swell 
characteristics as distinct from Waves-, and to estimate the wind, speed at. the- 
Water /surface« 

dv Absorption by Clouds«. •- This requires two-plane flights, one above 
the clouds, the othere"direotly below, both as near. 500 ft. vertical distance 
from the cloud as feasibl^f the- wo aircraft should keep in the same vertical 
axis as near as, possible, by means of radar - the top plane tpacMrig the piano- 
beiow the cloud, layer-* It is reconmended that such measurements^ be .limited, to. 
solid Overcasts, preferably thick layers«. 

e» Flight over Cloud System of a Cyclone,«; -• This requires a flight 
around the cya-lone center ät ä bout one hundred-fifty or tWoi hundred .miles- radius, 
the flight to be about five hundred feet abovo the couds* to he-£öliöwed by a. 
flight across the center of the cyclone. Careful notes should- be- kept- at all 
'tiles öf £he plane position and cloud conditions? and.notes made of the time 
intervals during Whioh the aircraft' is- ill level and nonr|evel flight. Time checks- 
should be made on the potentiometer- at least every half ho«?? and injidditiäti   '._ 
each time there is some marked change in the cloud system, FhotO'l-raphs of the " . 
clouds., With time indicated,wsuld be an extremely useful supplement tö the-, re-*      . J 
oord. If possible coordinate with the "Weather Bureau ground pl^rheliOmetor star 
tiona» . ,      .'--•• 

f. Absorption by Atmosphere. - This is öbtaäfced ^by a series of ascentö 
and descents in clear sky» made by 5QO0: f.-'ot stages, leveling the aircraft over 
a short fixed path at each stages 

,g;. Miscel-laneous Remarks-j 

(l) Time oheoks should be made on the recorder sheet at, least once 
every hour» 

{2} Make an occasional zero check f. this is done -by? nttaehing a clip 
lead across the terminals of the top pyrheliometor. 

(?) - Data sheets (see appended forms )-\are kept by the. Navigator -and- " 
Weather Observer. These sheets plus the. rolls from the recorder give ail the 
raw data necessary for the computation -of albedo values*. 

3, COMPUTATIONS 

The two constituents resulting from a successful albedo flight are- the 
pyrheiiometer record and the flight"log. The pyrholiometer record consists•: 
of printed records from both the upper and lower pyrbeliometers, an occasional 
"zoro check", and frequent time marks supplied by the observer. 

The flight leg 

6 

Wi -«ww*^ Z"""^8FCfTZt*  ' flTiiW^'^AV.^'i'*? 
T-^^^^ta^i^^^my^^^^^^W^ ^f^^f^^^^^PFTÄ?^^^^ "SKA TSr^*S?3F>S^ 



iSKäasßü^SiSasÄJäa 

J^i iftfrgftS,;ii"^^*- •TaMM»''Afo-W»-?1 

Ö/ontains aircraft data (-altitude' and heading with times of oMngp of each* ia- 
dicatecl sir speed* and approximate loo.aviönf}> möte,cr.öipg-ic&l du-ta- (free-fair 
te&peraturej type,? jamouat^ tMä^essi m& general appearance/ cf clouds; and 
ra=s£u5;rity;).» and supplementary data (typa-äf" £srr-ä3«?\air transparency^ etp\,)>. 
Those two cömponöa1>3 shsüld supply enough information for albedo computations* 

A. careful perusal- of the pyrheiiömefe? record shöul/ä first 'be made to d e- 
termine whether the frequent. timemär-Jcs. agree with t he gate, at wMsh; the, .re- 
corder prints«    Minor timidg- adjustments are -often- .necessary- to smooth out; 
discrepancies,,    *,i»?4ar the record has been correctly timed* the next step is 
to discard those section«: qf the. reoerd dufing #ti-Ch the plane was chehg-igg 
altitude, and/or heading,, sinae, the, pyrheliometers' were not horizontal at those 
times.,,    ibe remaining portions- of the pyrhelioaieter reoörd should then be hr-n^m. 
into small time, units.    (Five-*minute intervals should süffiö.f except during times 
whaii. the recorder trace is changing, rapidly.    Tiro and one^ha-1-f minute intervals. 
are then required») -<•    §ino.e the repördeJ* paper is ruled into ordinatesj,. the. ;av.er~- 
age ordinate value for each time interval shou-M be obtained, for- ;eäch pyr-hfäüiö^ 
motes, -biaae.i    Thesf.e average ord-ihäte values must fee- adjusted if the "zefp- checks'* 
pp not fail on the zero ordahate line. , 

Next, the correct average ordinate values are converted to "Indicated 
millivolts".    Since the. full sealer of the recorder paper* is equal to ah ss,= 
tabMshed number of millivolts in each time unit-.;   .-Hcwever> a-inss tjfe pyr~- 
heiiOmeters have been calibrated- at a temperature of about 15° C' and the air 
temperature at plane level might.be considerably different- ^ usually- lowery.', a- 
small t5mpw^^jfe"öörre^tioh Ss necessary to determine the actual number of miiL- 
ivoits (usually smaller than the indicated millivolts^.    %e correction equation 
is _ . ."'-.' 

Millivolts 3 Indicated millivolts (l-  .001 
eratue in degrees oentigrado. 

£)• }-t wiier-e- I .is temp- 

The actual millivolts from each pyrheiiometer is then Converted t;o radia^ 
tion values.    The e.m.f> developed \>y each pyrhel$om.eter hfts' .been paröfülTy 
determined at the factory and a  calibration factor supplied with e:aoh in- 
strument.    The ratio of the -sc-tuaimillivolts developed by each pyrhöi-lömeter 
tö the calibrated o*m.f• is. equal to the radiation received on each instruments 
The- radiation values are in units of gm osl/cmS/min-, also taoWn as. ly/mii (.-)» 
The albedo values- are the ratios of the radiation received by the bottom pyrhe* 
liömeter (reflected radiation) to the radiation J2at3«3ved by the top pychelio-r 
meter« 

( )   §2l£F£2> ^ol*  1Q$> No* 2743,  Sept., 5,  1947, p. 225; or Bul,I..jAmer.LJ|et. 
SooT,Nov.  1947 >  p. 443. 

»•v   ; 5f^*^^> *-&f&-£&*at, 
-^Hrtr-r^C'-Ao-- * 
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söiar5allJl||s|^|T|l^fGS^ if the measurements hare been made when the 
Gbö£e thf/ölJLänJ   5L    ^I

r',,to^?'   if the .atmosphere is clear   "" 

•«W and *2 w£^ W*^ .^e f ^ ^e «per ;.pya*eiigmofber is neo- 
Therefore,  if possible 1 l'-"9 ^f' mp^ serious* as the, solar altitude doero: *iS »  « possiDie,, measurements should be taken &*-? noon.     "    " 

Wxen S Slfi^ ******* ** ^ Wtaft manner, 
radiation is tä^iLt ^-1-~A5?*? th<? hor%z•*   * **&Et amoTUht of üee«* *«-ia* 
upper ^heliomeier^^^stx^t^^^^ ^ * ^ÄB'Ä-^ the'" 
eot (solar) and tfJfWe fakS! ,^3' ho^Z?r» measures the total e,f both. to 
part of the to-tai «SiiJlL JJJJ  —*% ^^stb*'determined, therefore... what 
is due to skv jwSJJ^'ääo" dUS ^ di^*2

fl^Wghti and *hat part 
three •teW^)^t^LJitS

l;-1!a;4
B;?e,, fÖ*"..(8* Presents data (from 

zenith distances of th/sS     P°l f iQt"n ** *>-A»*9«*- flight at various 
due to each component LrTccm bTrlSTVi thf^^^ ^ **««>* of radiation 
Supplied by the NatiOha^Iu/Su n/Ka Jy *ot^^..    from a curve of data  
the. direct solar component isohf«Sta^Qg • «* correction to be applied ^, 
then,  is the coveted ^dSJS !^.?*??d*      - a «tual cdm* of ifcot*,rradiation, 

oo..eoted direot radiation plus the Meag.ureöJ diffuse radiatip^ 

on th^hS£. *ä^!?°. valfos.«••• **> ratios of t he raäfatiön received 
^Wc^^u^^ ** irreo^SaW 

ppor p/rhelicmeter (total so^ar and sky. radiation)-.   ----ä- 

fe determine'the  se-">°« al-n-H,,^    -„-U-  U  - 
reotien,. as vrell as f or oorr«l!+^    '-S"l? 1S m°m för1*0 A«r .8ia QAT* 
tho navigator or proved as SlIS ^ *ft f*^*^ «"* albedo values,.,see 
Solar Tdme in order £ compute soj£ -£?1 ^ mUsV be "«""*** to faze 
Plane must be known,    CS SAJM      *S^ .®* eXaöi; «»*****• •* *he 
aircraft on a map, utilXw and SS ? 2^" tp "P**" *hÄ >Ä of the 
* flight graph, &, latitSf ant len^'I^V?! fÄht ** *ata=    ^h ~* 
be really detennir.ed. longxtude of the piano at any give.* tame ;oan 

HI 

as standardtimoj ^llthoS ^itSSnS*!** **""? **St "^'Ve oxp^essed 
?ere- practical *, use ^dt So newest Sf *^_^*44*to may be used,* t, ft 
By means of the flight srLh    Jll    ^    £* a0tual P°siMew of the Diane. T 
ost 15 minutes.    W^^ ^^l^,1^^^ ^ pWtf?he n^r- 
(subtract) one minute of ti£e *or eaoVT?        °I tha standa-d meridian used,   ^ 
the standard meridian,    C^U«?+ ?     i   monutos of longitude de^ä^io- -*M 
«.* -.^.,   .,.     Ja?»   ;oJo, result i3 «he MeÄn Ttoo,    ^he iimorlöan^fe^e?!? and Nautical AMar. 
difference be 

Wi»ut°»Sr fi^S4^ "1° ««temidod by Mo of «Tal*..',* «_* ..' ..-..,.   . 

, g c " - "   - - 

)    H.H.. tiaball,,  ''«Variations- in the" fetal «v,^ t     • 

»^WfiSflRäMBfft^KSSfe- •= 



„••--^^^L^^ia^M*.^ ±££&$2mi!C 

on the given- day.», from the -given^ne ff ST"), determine the hour angle, f") 
(Hour angle is the amount of tifae -away from True Solar Noon expressed as de- 
gree of aro> where one degree of arc equals, four' minutes, of-'time.) From the' 
flight graph determine the latitude of the .plane at the g-iveh time.. JOipwihg- 
the sölär deöidnation- the hour >gngl'tf?.. &nd the latitude.,, the- solar altitude i» 
read directly ;(br* interpolated) frpm the above, quoted tables.- C3),» 

AS alternate method for determin-in*. solar altitudes is by use of' 'P Solar 
Altitude; Chart« On this chart the- grid is designed, so that, solar altitude 
values throughout a. .given day.fall ä long. a:, .straight line. %uä,. for ä given 
latitude on any specifio day* solar altitudes- for only two- diff oEeh/b tisus- need 
be eemputsd.- When the; two points, are ooaneöte'c') th&.s-oiar altitude values may 
•be -read directly from the.ohart.. -^i&sa the pyrheliometer reoprd is divided into 
time units up; to five minutes in length, the computed solar altitude should -be 
an average value during the ti^e interval under consideration.: (This; is .es- 
pecially true, at large hour angles' when the sun ih oh&nging. altitude rapidly.) 

SAMPLE 

Information from pypehliometer record,? 

lOO ordinatas ^ full scale 9 5sO millivolts 

TIME 
(EDST) 

Ö83Q 

AV.ji rnvDA.n-a QgBiNME' VAIpä 

P^RBEL. 
28,2 

10WER 
PYRfiEL. 
26*6 

ZW&. - 
CHECK 

*"0.2. 

Time indiöatei is average t iiäe dicing 2. 5 nifouste intervale .-- 

Information from flight log: 

Free air temperature at .0830 BEST - 20.0. 

Date September 1-5,  IS47V '     V '   ' 

0830 EDST ' '   -  .. 

I. Actual Ordinate Value 
Since the zero check is +_0_=2, the recorder is printing 0.2 ordinatps too 
high. .     ..-..     -•--.- 

Upper Pyrholiometör 

-0-.2 

Losvier Pyrheliömjät.ef' 
~ ÄVefiägs örainate Value 28.B 

 _                            "Correction for Zero Check -Q.2 , 
00••'.'-"*''                                                                       '                                                                              - -    • —JJ  _L~L"                                 - 
SO»&-                                         , JtOa'« 

.'l.          -  . 

(")    "Tables of computed Altitude and Azimuth"^ United States &avy Department, 
Hydrographie Office,  8 Vols.. Cff.O. 214) 

•> " " "~" 

(t) Described by Schutte in Met. Zeit., Aug., 1931" 

v ^•«W#-^J^Ü^$^*C
BS^1-' 



^C^*>V^rT^'Wfc~^"--TS«Ta" y*_>i«^X:_.:,:Tv-/-t^ T*^- T> |^71i^- "y" 

II.    indicated MiXilvöifce 

Sinö.e 1ÖÜ ördihates  - 5=0. i-ii •T4i~.-i.-i.A-   - » .    - -- 

T.T.S——~   •»-.- -  . 

X.s 28,6 x  .Q5 
ä~ i.,40 ini.iä.ate.d ffiill'iwtfl-ps 

lower %rlje=liömeter 
X = 26.4 x .05 
XvB.i.32 iadioäted 

m£|li#ö3bts 

" SAMPLE        -        -. -      . _ 

m,MmmmB corrected.for Tempe^türe 

Application, of the temperature oorrection equation .gives, 

Upper Pyrheliometer 
lower Pyrlteliömeter 

UZ., 

Mxliivolts s 1.4Q fi-004 (15 * 2)) 
5 1.48 Cöi^Sf-)' 
=• 1*3« 

—^^.„v^uou Piaaiaxxoa Values" —  

^i'.^.VÄi  .M-.Eiie-.i4:ojiiQxiQr 

•1 

Millivolts ..  1.-32 .{1-..QÖ1 $%&iü) 
1.33: 0S98-3) 

—    1    ,2A 

Sower Pyrheliome^er- 

« 2*of MiiliVOlf • y
C0^eö*ed for temperature £.06 Ev..per ly/min. 

öv67 l3^ni^mlibrat?-d S?af ä^ii3d «*** pyrheliometer) 
.0.20 

Vc    True Solar Tläne' -     — 

to W?e? 45^ JJ^Ht graph the longitude of the-plane at 0830 EDST is found 

h m      - . 
0830    W)ST 
-lh        " '•-'-.''-'. 

OTOüta EÖf:"~ 

•*W~True Solar line 

in 

**f5r*^jw«-5ij&^^'^^^^^^ -V "V    - — -•**" * r-ffc*-»''J*^* E " 7 . ,   _j-«--«i^a^ä=Ä-*"^-*-!L1iaEr*£J^    *B»-K5*'*Sjia<T>?*'^-. 



-Tt=^__ --— r'^~i^3C-'-*M;i -• -^V*^"*^,-""^""?**^   <yXA"J T'Wp" ,'P       -"rTrM'. rf^^"**"1© ^r "^ y,#T—TV ". J'^yi#?F'V'~ J£VäK&KOJ* ""^^•^*-C^-tf>l-ii^jr~"';'5K:'"'  : 

Tit.    A. Solar Altitude 

Eecli»ati-on„of sun .0 -fr 30 10"'  (-iram- Hatrbiö&l Almanac* 1947} 
True Solar Time       .a 07^20^ •" : 
Hour Mile 2 70°  (    (IS^O• - 0.7^20^) * 4m/degj<0 
Latitude .« Bö°G0-'^ (From flight' graph) 

From "Tables, of °ompute.d Altitude gjfl AZimuth"V Voi*. ,S%. using, latitude -and 
hour angle'.,, the following; solar altitudes -a«-.© rsästi':' 

18° 02.9'    (for declination * tfö 06») 
IS0 204«    (for deolinatiön •» 3° 30') 

Interpolating tot declination f 3° 10*-j 
Solar Altitude; 2 18° 09* 

SAMPLE 

B.    Solar Altitude talieraate method) 

Oh, the attached sample 'Solar Altitude: Chart a straight line, for 
September IB has heen, computer and drawn.-    fhe value read from this chart, is 
(for O720TST).: ..   "."     '. "~" " '• •"-- -_'-.".. 

Solar Altitude 3 IB? 10-«' 

til*    Actual Radiation Value . /       , _ _ = 

_J 

Radiation indicated by Upper pyrheliometer - 0*57- Wain 
Solar Altitude • =' 3>§e :Qg!t 

^.Percönt of indicated radiation due to sun   s 74,3 - from attached 
-««.art   of indicated .radiation due to sky   ... 25.7 .curve of data 

from Eiiaball 

Amount of indicated radiation due to sun     .* 0.498 Wmir fe-s-ßrärää-fflÖ- 
Amouat or indicated radiation due to sky     ., n-H'I ÄvK ^    ^!!S 

Direct solar correction value = 0*935 0,935 (f?öm- curve of 
cörr.eötioh vs 

Ao-tusl    amt.  of radiation due to  sun - 0,533 ly/min (0.498 •* .0,935.) 
Actual amt.. of -radiation due to sky   5 0*1.7.2 ly/min (indicated •- actual) 

Actual amt. of täia-i- radiation on upper pyrheliometer 3 0.705 ly/min 

(Note ina.t no corrections are necessary for the Indicated Radiation 
received by the lower pyrheliepveter since direct sunlight -is not in^ 
vcived.) 

VIII.    Albedo Value 

Radiation on upper pyrheliometer r 0,705 ly/min 

a^> JTMSm^cSwrnw.-ys^ ti'^ia, ^r* 1?\ %*•,? *** «UfiR^S** -' "um R5S* . 



 .HY    YiTinM-iTTTT-f1"*'   |T    f*m ^^.••'^i       •!     rfi M    *•'-     •''•—j afcjh»jt£>     -'      ^" fl   "* Ä. •*       dE   •-—•'—-—' -1--- - -    ' '* •      '»»«^STWWW .-i^i.   "   >= »>*IL—^* La-V .A ••"•Ail   —^.«f if.»- ••••••n.ii ••^•.^Jji5ajhJ^J..»a^.-'.J-J*^-"-^^trf~-'T^.— /•'^--Z^.-.li^,.,^-!-,^^   ,.- £H£Ä^£Sä^ 1= ^^i^lS^^vg^^J^Sr: •^»-»^taaf^Ji^ipif^t^-'-^^f r')f 

Radiation pa lower pyrhs-liosjeter ^0.20 ly/min 

Ratio of lower to upper pyrheliometer *• 0,284 
Results    Sopputed albedo för ÖSS0 EDST "on- September I5:>  1947 is 28.4% 

— 4*'ACTIVITIES 

a* The pro.j.eot was activated during ^sbrucry WAT.    From then until IJune 
1948 wheathe present project officer, Lt» Walter- BL Itar-her* -fäs a-saignedi the 
rollpwing ofrieers were directly opnce,i?ned wix-ft tl^? induct of the project; 
Major Jöha. G, Hemans,, Major 'William: P. Meilen,. Cap.t. Robert L, ^üghten mä. Öapt." 
James Q. Vanh.. 

bo The period February 1947 - June 1948 was, spent in preliminary cöörd* 
ination regarding general aspects of the project. The; type of instruments to 
be usedwas decided upon, procured^ tested^ and installed* An operational SOP for 

leaking pyrhelipmetfio möas.uremenis from the B-29 was decided upon during that, 
period«- , ;. 

c... Instruments.* ' 

(1) During 4 confermae  at Headquarters..* Air Weather Serviere, 14 Fob I-94S 
it was stated that sufficient equipffisjifc had been ordered to equip, one aircraft 
and to have: sufficient spares to maintain operation. 

(2) On 2.1 March 1947.. Major Meilen in a letter to Major Hemans desvcribs;d 
the type of equipment used on the Ö-29 assigned to,Project Apollo. The mount 
used on this, plans-was explained- in detail with dimehsiöns:i 

(.3) Major Meilen flew in a modified B-29,22-Äarch 1947, tö Inydkern, • 
California which is the location, of the Saval Ordänoe Test Station^ In this 

. report Was noted for the first time the fact that, the white magnesium öxide aurv ! 

faoe of the filament of. th^_pyrheliometer was flaking;noticeably., 

(4-) Ä measurement, of loss of sensitivity g'us. to oil oh the. bulb was. made 
_ 2V5 March. 194.7. larger amounts, of oil on the gl^.i.^'täör^ace than had ever been ob^ 
sar~ed on- th& bulb of an instrument on the plane attenuated the. incident sunlight 
by less thar.i 2%a f- 

(5) One of the pyrhelipmeters was, rendered inoperative-by a slight jar 
26 March 1947 and two days later the glass item .of ono±her .pyrehiiameter was broke- 

•during a flight» ~- , 

(.6). For the summer of 1947 the Albedo file is rather incomplete,. It is 
assumed, that during this period modification plans were discussed., equipment was 
being received* and permission was being requested to modify aircraft.. It must 
be remembered that during this period the 308th Reconnaissance Group (Weather) 
was moved from Florida to. California. 

(?) Two airoraft were finailyvdepot modified and returned to Fair~ 
field in early April 1948. An attempt was made to take some albedo measure- 
ments during flight from the depot, but- both pyrheliomsters failed. 

1°. 



IskfSrNTOiäESs 

(8) The probet officer, Li. Walter jUr Warne?-,,, s^öompaxiied by $r, 
H-.d, Stöne of Headquarters:*. Mr Weathor Ssrvio§ pröoee.qgd' on 23 stuhe 2-9<§8>, 
to OSppley febojitaiofles* Iferfrport, JR., f», the manuf-aoturisr   of the pwhalio- 
mgtefs.    All damaged pyrh^lioinetersi together with a. case; history of trvt each 
was used before failure oecurdJ were shown to- S^pl'ey engineers.    $he Epoley- 
ehgineers also wore acquainted with the vibrations,, .etöv,. relative to aircraft 
-operation se that they ini'ght pösS:ib%; ä'&vs-lgp a, s^hevii'öÄöter which woufd en» 

/    duTe aireraft operation.. .-—--.r- 

(9')    Three neW model pyrheliiomet.ors^  reported to be able;to Withstand 
aircraft operations-, wer© presented5 tö the project officer by the Eppley lAb'* 
oratories for flight test On 4 ,Äug 1948*    Several flights were made fvok- Boiling 
AEB for test purposes,  eacli iESäght being followed by rough landing's*   ill the 
•pyrehliometaP» functioned perfectly.    One of the bulbs "was. later/broken- •&,&•• 

'   öjdestly,. but all the other bulbs have now experienced app/toximately 150 hours. . 
of mounted operations. 

(10')    During the period July^October 1948' a new type mount was. con- 
ceived* designed- assembled, afid installed oh one of the Jibedö-modified air-. 
oraft..    This mount j?akes possible the removal and replacement of pyrheliomaters: 
during flight,    A new,  improved means of leveling;.the •pyrhe'Iiometer has-been 
incorporated into the new mount. . - 

(11)    The Brown recorder has- always functioned perfectlyi    A resent 
check showed both recorders used in the project to be holding their ca-Mbraticäai-. 
sati'sfif\otorily.. . 

d-r    Operations,? 

(li    /.  Iwis^t mission was -flswn S fey 13^6 with; a plane...fr-om. inyskeJ•_  
The absorption of radiation by a str^tus'Täy^r'was measured'with good results}.,. 

(2) Some usable terrain albedos were obtained dtiring a flight to Wash-.. 
ingtön D. C>. on 4 Aug' 1948.    '-'he following day a short mission läffin| one-hour 
was. flown in the vicinity of Washington*    An adrt&t-iönäl flight across. New ^orfc   ' 
State tvas made 9 Äug 1948 and finally 11 Aug 1948 the return flight was made to 
Fairfield. ._ _  . —    — 

(3) During the period 7 Sept 1948 - 18 Sept 1948 a    series of flights 
were made over the U.S".    ^hese flights were planned to pass over all possible 
types of terrain as followss . 

2. Fairf ielä-Boise.rCrater •^ake-T'a.ir-f is Id-' 

£ Fairfield-Salt ^ake Ctty^Salina- 

£ Salina-Oklahoma Gity 

_4 Oklahoma City-Dayton, Ohio 

J5 Dayton * -Wiscons in-Dayton 

j5 Dayton-Macon, Georgia via eastern seaboard 
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,,„,, .« »*•<"«. **'"{• ': '^M^&mM^m^^^^^ 

j? Geör^ia-Barksdale Field, '^a. 

4 Bai^sdale-Fairfieid via Southern California 

(4$. A mission, was flown 20 September 1948 off the ae>:äst of Cal- 
ifornia for the purpose öf measuring the albedo of water« Clouds. preve^ted^ 
measurements for any extended period of time but-some geöcr readings wer« 
obtained. 

(&}   Mr* 1'.. W. ^gPonaldi TJ*S*. Weather Bureau, arrived FiirfieM 
30- October X#4S-tö ä&sist in the project, A two. plane mission;, was flown 
2 «öSember 1948 to measure the absorption or a cipüd layer"'. Expeiarenfe 
results wore obtained. 

(6y During a flight tg> Washington. iß 'November 1'948 another tw© 
plane mission was flown. 

('7) During return flight from Washington 18 November 1943 the albedo 
&i t'Jte cloud system around a low pressure area was measured» 

(•8) During the last week in Novembei* a mission Waj_.f3a5?|Tt-in, the 
vicinity of Death Valley to measure the absorption of the clear atmosphere«, 
Flights were made over a fixe® path from sea lavel to 50>Q00 ft.. 

(9) During the period 10 April - 28 April 1.949' -four single-fla&e 
missions were flown from Andrews AFB* Mary-land. These flights> made over 
Weather" Bureau solar Radiation stations at Washington,. Boston, and Cap© 
Hattesag* were designed to measure the loss of solar radiation by passage 
through cloud layers« 

(10) The data obtained on the missions, described in the proceeding 
paragraph^ has_ been assembled but is not reproduced here because it would, 
necessitate copying, many hundred -fo©t of. chart rpll* All data is presently 
on loan to the t?»S* Weather Bureau where much o.f it will be reduced for' 
the use of interested research agencies,. 

00ECLXJSJ0NJ5,,. - -   -•'"  ; 

1. Instruments 

a. Fyrheliometers? New type bulbs have been flight tested for a s.uf- 
fiolent number (160} of hours to consider them satisfactory for aerial ";ü£re. 

^ . »' —        . _-. '. 
be-    Brown E.leotrts&iRecorder:.    -This .piece, of equipment has ~fwnn-tiensel 

extremely well on. all oeoasichEU    Its range and accuracy is such, as to qualify 
it for future albedo, purposes.» 

c.    Mount,;    The type in. use at the present is perfectly satisfactory 
for limited experimental work; provided t ha t an operator stands by to  level 
the mount when necessary.    Ifj  in the future;, 'albedo measurements are to be 
taken by a considerable number of aircraft on routine weather missions,  it- 
wo. Id seem to be highly urJ.ifcsly that an extra crew member could be added' for this 
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purpose;. 
T«m.fn jl1 •would "bo operated mount ^£*U?i-** "MW«*3r*ötterf»W a remote.lv „ 

*eveleG by gy^ me&iis or p^eibly by ^rcu*yw*Wl»|.- 

2.   :eaiö»JsMon& 

.A -descriptipp, of the ealpulations: used to obtain actual values is g&VQis, 
elsewhere in this report,    fhs calculations are satisfactory but consideration 

'must- be given to. the fact that it is possible' to spend from ten- tq fifteen 
minuses to Reduce- data- that was obtained dve;!* a -period öf* five minutes.»    ®be 
/present supply of availabis per-aohnel at s^u^drön l"evel, wöutd s;pem. to p^aolöde 
the reduction there of the mass of' data wh'iuh-Would'be obtained oh many flights. 

e>\ 'Operational Procedures. 

The prboodur.es. desoribed have been found to be basioaily soundB ö'offie 
slight obvious changes are necessary occaslona-atiy to- obtain, the best possible 
measiur-ements fr?m a .given weather situation» 

-*»• Siissions- Flown 

fiiö missions fJiövm have art least given a. small sampling; of ail types of' 
measurements asked for -exoept those ov§* snpwcover»    Säfinite opnölusipnl 
on the .values of albedo must await filial reduction of data ,    -Bpi'/Gver,  södeSt!,-? 
fie conclusions, should be based oil a mere generous sampldng of data* 

As long; ..as al/bsdo flights are only of an experimental or' limited in* 
vestigationa"! nature; and flown by a single aircraft the pr§Jj§nt pyrhel^oaipter 
mount is satisfactory.    However, if flights should he planned. o.n ,& larger      . ;. . 
scale*  for exams'le by several, aifipraft €n.each- pips-rating wofetKer ^ecohna-X'S^ähge 
S^uadraa,  it is recommended that a gyro-stabilized mount be developed f/pr' 
reasons discussed above».   A gyro-mount together with a,Brown.Recorder and a 
suitable supply of pyrheliometers ppuld be; assembled in kit form for dis- 
tribution to the squadrons as a standard'Äodlfi'pätion.-    Persphhel from each- 
squädron should spend' some time at Eairfieid for indoctrination da' albedo 
techniques. ""_' . 

In future procurement of pyrheliometers for airborne albedo .measure-", 
meatsy it is recommended that only 10 or 20 jujpti^n models be purchased. 
Shese 10-2G junction bulbs are suitable for all purposes, whereas:,, the 50- 
junotion type oannot be used to measure diKept s piar radiation with the pre^ . sent peoprder» 
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. *JF Ad   Ks*yW _Tta. "'-^^"--^^J*'ii'rrM^ria^.i/ fFTn^J^^TnS 

PYRQ CONSTANTS 

uPPer # - •      •  • 

Lower # _ ; 

0mm^. 

ALB~EI)Q PROJECT 
SvöKK. SKEET 

NAVIGATOR 

J# min', cin./gm.eäi. 

•MV miii.  cm./gm.cai. 

ft'A-TE1 

v 
-OBSERVER,. 

TIMS 
PDT 

POSITION; 
LÄT* LON&.. 

-IAS 

ALBEDO PROJECT 
WORK SHEET 

NAMÖAT-QR 

Weather Observer DATE 

OBSERVER5 

TIM© | 
PD-T  I 

ÖL0ÜDS 
ABQvS 

;7lQ TYPE 
;ij BSLSW 

TERRAIN. 
I    -FEAfBRES. 

,/IO TYPE BASE SOP 

I 

ALBEDO PROJECT 
WORK SHE11S- 

TRieather #b«6rver 

<y. 

DATE 

'OBSERVER 

""TIME"" "FRESH" 
ALT 

•' -RTDim"7"." "ATT"^- 

: ALT        I   SET   1      ROLL     j!   PDT 
„ 1. i     MÄRE _ ||  

MB ALT    -   SET      BÖfijfcr 
«RK 

^Ei^r-rr;'F%:.',a~r :&& T^^B sa??^' -*- .^.^ .ä^.^^^V^äS.T.S; .,-ir ..« «.-*,-.*. «^.«-anisirs.» STS»;^ «r*iw* -*S ^ ="'* 
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